We report the first case of invasive disease caused by Fusarium chlamydosporum. The patient had aplastic anemia with prolonged neutropenia and was treated with immunosuppressive therapy. While she was receiving empirical amphotericin B, a dark crusted lesion developed on her nasal turbinate. Histologic analysis revealed invasive hyaline hyphae and some darkly pigmented structures that resembled conidia of dematiaceous molds. Only after the mold was grown in culture were characteristic colonial morphology, phialides, conidia, and chlamydospores evident, thus permitting the identification of F. chlamydosporum. This case illustrates the everincreasing spectrum of pathogenic Fusarium spp. in immunocompromised patients and emphasizes the potential pitfalls in histologic diagnosis, which may have important treatment implications.
Fusarium species have emerged as a major cause of invasive disease and mortality among neutropenic patients (1-5, 8, 17, 19, 21, 23, 28) . Fusarium spp. are common soil saprophytes and plant pathogens which, in humans, are mostly associated with superficial mycoses and keratitis. However, with the widespread use of intensive antineoplastic chemotherapy and bone marrow transplantation, more than 100 cases of invasive and disseminated infection caused by Fusarium spp. have been reported-most within the past 10 years.
Most cases of invasive fusariosis are caused by Fusarium solani, Fusarium oxysporum, and Fusarium moniliforme, but in about one-third the species is not identified (8, 17) . Disseminated fusariosis commonly manifests with cutaneous lesions, pulmonary infiltrates, and, less often, sinusitis and involvement of the nasal cavity (17) . In about one-half of cases of dissemination, Fusarium spp. are isolated from blood culture (5, 17) . To our knowledge, the only reported case of human infection by Fusarium chlamydosporum was catheter-related fungemia in a patient with lymphoma (10) .
Here, we report the first case of invasive tissue disease caused by F. chlamydosporum. The patient was severely immunocompromised due to aplastic anemia with prolonged neutropenia and was treated with immunosuppressive therapy. While she was receiving empirical amphotericin B for prolonged neutropenic fever, a lesion excised from her nasal turbinate showed invasive hyaline and darkly pigmented hyphal structures. This finding raised the suspicion of a dematiaceous mold, prompting the addition of itraconazole to the therapy. Subsequent evaluation of the mold grown in culture and correlation of the culture results with the histopathology confirmed the identification of F. chlamydosporum.
Case report. The patient was a 40-year-old female with aplastic anemia who was treated with combination antithymocyte globulin (ATG) and cyclosporin A (CSA) at the National Heart, Lung, and Blood Institute at the Warren-Grant Magnuson Clinical Center, National Institutes of Health (NIH). Prior to transfer to the NIH, she had had fulminant hepatitis of unknown etiology, as well as prolonged neutropenic fever treated with broad-spectrum antibiotics. Approximately 3 weeks after the ATG-CSA protocol was started and while she was receiving empirical amphotericin B (0.5 mg/kg of body weight/day) for persistent neutropenic fever, a raised dark crusted lesion developed on her left middle nasal turbinate. Surgical excision was performed, and material was sent for histologic analysis. Biopsy material was inadvertently not sent for culture. The procedure was complicated by epistaxis requiring packing of the nasal cavity. The gauze used for packing was subsequently sent for culture. Histologic evaluation of the lesion revealed an invasive mold with hyaline as well as darkly pigmented hyphal structures. The appearance was nonspecific and did not permit diagnosis of the genus. The presence of pigment on routine hematoxylin and eosin preparations and Masson-Fontana silver stained materials raised the possibility of phaeohyphomycosis. The dosage of amphotericin B was increased to 1.0 mg/ kg/day, and itraconazole (600 mg/day) was added to the schedule. Because of progressive azotemia, amphotericin B lipid complex (5 mg/kg/day) was substituted for amphotericin B. Approximately 2 weeks elapsed before the definitive diagnosis of F. chlamydosporum was made from culture (see below). Once the diagnosis was made, itraconazole was discontinued because of the known resistance of Fusarium spp. to this triazole.
An isolated sputum culture yielded F. chlamydosporum shortly after excision of the nasal lesion. There was no evidence of pulmonary disease on multiple chest radiographs or on a chest computed tomography scan. This isolate therefore most likely colonized the patient's airway and was not a pulmonary pathogen. Serial computed tomography scans of the sinuses showed opacification of the maxillary, ethmoid, and sphenoid sinuses. However, no bone involvement or progression of disease was detected over the next several weeks. Otolaryngologic examinations showed no recurrence of disease in the nasal cavity.
Multiple routine and fungal blood cultures were negative for Fusarium species. Thus, the fusariosis in this patient was considered to be localized and likely to have been cured by surgical excision.
The bone marrow failure did not improve with ATG-CSA treatment, and the patient underwent transplantation with Tcell-replete stem cells. Despite successful engraftment, the patient died of multiorgan failure 5 weeks after transplantation, with no evidence of residual fusariosis.
Mycological methods and diagnosis. Material from the gauze packing in the nasal cavity was cultured on various mycological agar media. Within 48 h of incubation at 30°C, fluffy colonies of the same fungus grew on all media. The fungus was subcultured on Sabouraud agar and potato dextrose agar. Within 1 week, the isolate produced intensely pinkish red, floccose colonies 6 to 7 cm in diameter. It also grew well at 37°C, reaching a diameter of 4.5 cm in 7 days on potato dextrose agar. On a cornmeal agar slide culture, the isolate produced numerous one-to two-celled, clavate, oblong to fusiform microconidia (2.5 to 4 m by 8 to 12 m) directly on short and narrow phialides (denticles) on sympodially proliferating conidiophores (Fig. 1A) . Canoe-shaped macroconidia of four or more cells, characteristic of the genus Fusarium, measuring 3 by 30 m were observed only rarely on the cornmeal agar slide culture (Fig. 1B) and were not observed on the other culture media. Intercalary, smooth or slightly rough, brown-walled chlamydospores (Fig. 1C) were abundantly produced on all cultures in 7 to 10 days. The chlamydospores were mostly globose (6 to 15 m in diameter) and formed in short chains, but some produced cross septae and became muriform (Fig.  1D ). The colony reverse was faintly brown in the beginning but became dark brown as the culture aged due to the increasingly abundant, darkly pigmented chlamydospores.
Although such chlamydospore morphology was also seen in histopathological sections of the biopsy specimen ( Fig. 2A and  B) , the histologic appearance was not specific enough for the identification of the etiologic agent. The morphology of the invasive hyphal structures in the submucosa was consistent with that of a Fusarium species (Fig. 2C ), but the presence of darkly pigmented thick-walled chlamydospores in hematoxylin and eosin-stained materials raised the possibility of a dematiaceous mold. This possibility was strengthened by the results of Masson-Fontana staining. Not only the thick-walled chlamydospores but also portions of many hyphae morphologically consistent with a Fusarium species growing toward the periphery of tissue sections were positive for this staining (data not shown). Only with evaluation of the cultured mold and comparison with the histologic specimens was the diagnosis of invasive fusariosis established.
Thus, the isolate was identified as F. chlamydosporum on the basis of intensely pinkish red colonies, sympodially proliferating polyphialidic conidiophores, clavate to fusiform microconidia borne directly on the short and pointed phialides (den- ticles), numerous intercalary brown-walled chlamydospores, and rarity of macroconidial formation on agar media.
MICs were determined by broth macrodilution methods, as previously described (6) . Briefly, a suspension was adjusted with a spectrophotometer to 68 to 71% transmission at a wavelength of 530 nm and diluted 100-fold to yield an inoculum of 1 ϫ 10 4 to 5 ϫ 10 4 CFU/ml. Amphotericin B and itraconazole were tested in 0.165 M morpholinepropanesulfonic acid (MOPS)-buffered RPMI 1640 (Bio-Whittaker, Walkersville, Md.) at a pH of 7.0. A 100-l volume of concentrated antifungal compound was diluted 10-fold with 900 l of inoculum suspension and incubated at 35°C for 24 and 48 h. The final concentration ranges for amphotericin B (Bristol-Myers Squibb, Princeton, N.J.) and itraconazole (Janssen Pharmaceutica, Piscataway, N.J.) were 0.03 to 16.0 g/ml. The MIC was graded on a scale of 0 to 4ϩ, with 0 being optically clear, 1ϩ being slightly hazy, 2ϩ being a 50% reduction of growth, 3ϩ being a 25% reduction of growth, and 4ϩ being equal to MIC for the growth control tube. The MIC was defined as the lowest concentration of antifungal compound which rendered no growth (0) for amphotericin B and a 50% reduction of growth (2ϩ) for itraconazole. The minimum lethal concentration (MLC) was determined by dispensing and streaking 100 l of broth from the first four tubes containing drug concentrations above the MIC exhibiting no growth onto Sabouraud glucose agar (NIH Media Department, Bethesda, Md.) and incubating it at 35°C. A concentration yielding growth of three or fewer colonies was considered fungicidal. The MLC was defined as the lowest concentration of antifungal compound yielding growth of three or fewer colonies. The MIC and MLC of amphotericin B were 0.5 and 1.0 g/ml, respectively. The MIC of itraconazole was 1.0 g/ml.
Discussion. This is the first reported case of F. chlamydosporum causing invasive tissue disease. More commonly known pathogenic Fusarium species, such as F. solani and F. oxysporum, also produce chlamydospores in vitro, but these structures have not been seen in vivo. The production by F. chlamydosporum of pigmented chlamydospores in tissue in our case is likely an infection site-associated phenomenon rather than a species characteristic. Fungi may produce species-specific structures in tissue exposed to air, such as in the nasal cavity. For example, Aspergillus species produce conidiophores and cleistothecia only in tissue exposed to ambient air (12) .
The histologic appearance of Fusarium spp. is variable and can mimic those of several other molds. Therefore, identification of Fusarium spp. requires culture and cannot rely solely on histologic morphology (19) . However, as in our case, a significant amount of time may elapse before culture results are available. Thus, therapy under these circumstances must be empirical until a definitive diagnosis is made.
The clinical manifestations and histological appearance of Fusarium spp. may be indistinguishable from those of organisms causing invasive aspergillosis. Both genera infect profoundly immunocompromised patients, and both are associated with vascular invasion, tissue infarction, and hemorrhage. Recently, Liu et al. (14) reviewed biopsy and cytology specimens from culture-confirmed hyalohyphomycosis caused by Fusarium, Paecilomyces, or Acremonium species to identify histologic features that distinguish these molds from Aspergillus species. Sporadic phialide-and phialoconidium-like structures were present in 16 of 19 cases, including 7 of 10 cases of infection by a Fusarium species (14) . Phialoconium-like structures seen in tissue were either spherical, oval, curved, or elliptical. These specialized structures may be helpful in alerting the pathologist to the possibility of a non-Aspergillus species but are not readily detected unless inspected with a 100ϫ oil immersion lens (14) . The authors point out that the presumptive histologic diagnosis should be confirmed by culture whenever possible (14) . In the absence of definitive identification by culturing, the likelihood of infection with a Fusarium species is substantially increased if either widespread cutaneous dissemination or the isolation of the mold from a blood culture occurs (5) .
The identification of a Fusarium species in a culture is difficult if macroconidia are not present (8) . In these instances confusion with other genera, such as Acremonium, Cylindrocarpon, or Verticillium, may occur (8) . Rarely, infection of the nasopharynx and sinuses by a Fusarium species may resemble rhinocerebral zygomycosis (27) . Usually the distinction between these two molds can be made histologically because the hyphae of zygomycetes are wider, branch at right angles, and demonstrate a paucity of septations (27) .
Typically, Fusarium spp. are not confused with dematiaceous molds. In our case, the presence of pigmented chlamydospores in histologic specimens stained with hematoxylin and eosin raised the suspicion of phaeohyphomycosis. The considerable number of dark-walled hyphae seen after Masson-Fontana staining further supported this presumptive, but incorrect, diagnosis.
Masson-Fontana staining for fungal cells was introduced by Kwon-Chung et al. (13) in an attempt to discern melanin formation by Cryptococcus neoformans in brain tissue. They observed that though Masson-Fontana staining was not specific for melanin, it was useful in differentiating cryptococcal cells from other yeast-like pathogens. The Masson-Fontana reagent stains any phenolic compound, including melanin. Since then, the staining has been frequently used for fungal histopathology to detect melanin-like pigment when the pathogen is suspected to be a dematiaceous mold that fails to produce brown-walled hyphae in tissue (4, 16, 29) . It must be emphasized that Masson-Fontana staining is not specific for melanin and that hyphae without melanin can produce positive results as long as phenol compounds are present.
In patients with severe and prolonged neutropenia, early diagnosis of infection by a Fusarium species is important because of the high risk of dissemination. Disseminated fusariosis in this population is associated with a high mortality, and survival is dependent on the rapid recovery of the neutrophil count (17) . As in our patient, localized disease may be cured with excision alone; however, we believe that in neutropenic patients, systemic antifungal therapy is warranted because of the high risk of clinically inapparent disseminated disease (20) .
In a review of nasopharyngeal and sinus infection caused by Fusarium spp., Lopes et al. (15) reported that of 19 patients, 14 had a hematologic malignancy, 1 had aplastic anemia, 1 had diabetes, and 3 had no risk factors. Disseminated fusariosis occurred in all patients with a hematologic malignancy as well as the patient with aplastic anemia; 10 (67%) of these 15 patients died. In contrast, among the immunocompetent patients, Fusarium disease was localized and surgery, with or without systemic antifungal therapy, was curative (11) .
Our patient developed invasive fusariosis while receiving empirical amphotericin B (0.5 mg/kg/day). This is not an unusual occurrence. Infection by Fusarium spp. in neutropenic hosts typically does not respond to conventional dosages of amphotericin B. Even at high dosages (1 to 2 mg/kg/day), the response is generally poor without the rapid recovery from neutropenia (17) .
The optimal selection of antifungal therapy for fusariosis is not well defined in the literature. Despite the poor response, high-dose amphotericin B (1 to 2 mg/kg/day) or a lipid formulation of amphotericin is considered standard therapy. Numerous case studies and small-scale studies have investigated various combinations of antifungal regimens (8, 18, 21) and the use of cytokine therapy and granulocyte transfusions (26) in neutropenic patients with infection by Fusarium spp. In a retrospective study of 43 patients with hematologic malignancy and fusariosis treated at the M.D. Anderson Cancer Center, use of transfusions with granulocyte colony-stimulating factorelicited granulocytes appeared to be associated with a positive response (5) . However, the responders in this study also tended to be in remission from the underlying malignancy, to have already recovered their neutrophil counts, and to have localized fusariosis; thus, the independent contribution of the granulocyte transfusions was uncertain (5) . No controlled studies of treatment of fusariosis have been published.
Likewise, published data on in vitro susceptibility of Fusarium spp. were generally derived from case studies. Even when the clinical isolates have been susceptible to amphotericin B, the correlation with the clinical response has been poor. Information about the methodology used has not been consistently provided, and there have been significant methodological differences between laboratories in medium composition, pH, inoculum size, incubation time, and temperature (22) . With these caveats made, only amphotericin B, natamycin, and miconazole have shown in vitro activity against some Fusarium isolates (22). There is agreement among several published reports that Fusarium spp. are resistant to rifampin, the triazoles, and flucytosine (8, 22, 25) .
The number of patients with fusariosis is likely to increase in the future as more patients receive intensive immunosuppressive therapy. Our purposes here are to report the first known case of tissue disease caused by F. chlamydosporum and to alert the clinician and pathologist to the varied histologic appearance of Fusarium spp. Rapid diagnostic methods for mold identification from histologic specimens would increase our diagnostic precision. To this end, immunohistologic techniques which can rapidly identify a number of medically important fungal genera, including Fusarium, have been introduced in a few specialized laboratories (7, 9, 24) . Moreover, given the dismal prognosis of fusariosis in neutropenic patients, more effective antifungal therapy and reliable fungal susceptibility testing methods are urgently needed.
